Abstract-This paper presents the capacitor bank location and size to reduce the total power losses and its cost by optimizing location and size of the capacitor bank in the distribution feeder in Lao PDR. The voltage drop and power loss before and after installing the capacitor were compared in this work. The result showed better voltage profiles and power losses of the distribution system could be improved by using the proposed method with 9 and 37-buses in Vientiane province. The proposed method can be a benefit in the distribution feeder analysis for planning and operation in Lao PDR.
I. INTRODUCTION
A major problem in a power distribution system is a voltage drop due to high-load, very long power distribution systems, and rapid load growth in a radial network [1] , [2] . The power distribution system of Vientiane province in Lao PDR has three operation voltages 22 kV, 25 kV, and 34.5 kV; but only the 22 kV distribution feeder level has a high voltage drop under the heavy load [3] . Consequently, it provides inefficient service to its customers. Methods to solve this problem have been studied such as local capacitor variation [4] , loss reduction by means of capacitor installations [5] , adding a distribution generator [6] , enhancing three-phase balancing of distribution [7] , building new substations, building new feeders and load balancing among feeders [8] or integrating of photovoltaic generation to the distribution system [9] . Capacitor location is a common method to reduce power losses and maintain voltage under limitation [10] because of low cost and investment, simple installation and simple equipment to build a new capacitor.
In this paper, analytical techniques have been performed to determine the capacitor location and size for minimization of total power losses and cost reduction in the distribution feeder. Its location and size can be determined effectively by using load flow -a piecewise linear objective and optimization technique -a quadratic form. We also show the losses for a bus relative to losses in the bus.
In Section II, problem formulation and implementation will be discussed for 23 kV-distribution feeder of 9-bus and22 kV distribution feeder of 37-bus in Lao PDR. The methodology in this work is given in section III.
The results and discussion from calculation and simulation before and after installation of capacitor bank are discussed in the Section IV and finally conclusion in Section V. 
II. PROBLEM FORMULATION AND POWER LOSS REDUCTION
The optimization technique and computer program are proposed for implementation of load flow in Lao PDR compared with the Plant Growth Simulation Algorithm (PGSA) [11] and fuzzy logic [12] . The details of problem formulation and power loss reduction are mentioned in Sub-section A and B, respectively.
A. Problem Formulation
The objectives of the capacitor location are to reduce the power loss and keep voltages within the prescribed limits with minimum cost. The total power loss, PTloss, is given by
where i is the bus number and Nb is the total number of buses. Considering investment, there is a finite number of standard capacitor sizes that are integer multiples of the smallest size, 
as the corresponding capital investment per kVAr. The optimized location and size for these capacitor banks were determined such that they minimize the minimum cost of system under study. The objective function used for capacitor allocation is:
where Ks is the cost per power loss ($/kW/year) and j = 1, 2, 3,…, k represents the selected buses. The objective function (3) to be minimized is subject to:
For the test feeder, Ks is selected to be U.S.$168/kW [9] , and the voltage limits are Vmin = 0.9000 p.u. maximum reactive power, respectively, at the bus i. The commercially available capacitor sizes with U.S.$/kVAr are used in the analysis.
B. The Power Loss Reduction
In the proposed method, the optimal sizes and placements of the capacitors are ones that minimize (3), satisfy (4), (5), and (6) i.e. give the minimum total power losses, minimum cost, and satisfy the voltage constraint.
where k+1 is the case after the capacitor location and k is the case before the capacitor location. The solution from program of proposed method can be summarized as follows:
Step 1: Perform the load flow solution for the original feeder to get the total power loss and other necessary data.
Step 2: Putting C j Q equal to the smallest value in Table   I at the far end bus (i.e. bus no. n) from the substation and perform the load flow.
Step 3: Compare the total power losses in each bus of the feeder that resulted from step (2) with that resulted from step (1).
Step 4: If the total losses in each bus are less than or equal to that of the prior case then try with the next value of Step 5: Repeat step (4) with the different values of C j Q placed at this bus until reaching the optimal value of C j Q i.e. minimize (3), satisfy (4), (5) and (6).
Step 6: If the total loss in any system of the feeder is higher than that of the prior case then remove the value of C j Q and put the prior value of C j Q .
Step 7: With optimal C j Q placed at the far end bus, perform the load flow and check the voltage profile if (0.9000 ≤ Vbus ≤ 1.100) then stop otherwise to try with the next bus i.e. bus no (n-1) and so on until Vmin ≥ 0.9000.
III. METHODOLOGY
In the distribution feeder of the Lao PDR, the improvement of loss reduction is achieved by testing the load and impedance data. The impedance, real power and reactive power at the load of the radial distribution system are calculated. Simulations are run under 2 cases before and after installing a capacitor at each bus. The capacitor size and location problem are solved in the flow chart shown in Fig. 1 . 
IV. RESULTS AND DISCUSSION

A. Testing of the Proposed Methods: 9-Bus
A radial distribution feeder was used for tests as shown in Table 1 . Fig. 2 shows the loads and feeder line constants.
The 9-bus radial distribution feeder [13] was applied as the test feeder. The rated voltage was 23 kV. The load data and feeder-line parameters of the single line diagram for the system are shown in Fig. 2 . By applying the load flow program on this feeder before compensation, the cost function and the total power losses were U.S. $31,675 and 783.8 kW, respectively. The maximum and the minimum bus voltage magnitudes were 0.9929 and 0.8375 p.u., respectively, where the voltage of the substation (bus number 0) was assumed to be 1 p.u., thus we generally obtained 0.8375 ≤ Vi ≤ 1.0000 p.u. The 27 possible choices of capacitor sizes along with corresponding annual cost are given in Table I.   TABLE I: CAPACITOR SIZES AND COST [13] The results of the proposed method are shown in Table II compared with Plant Growth Simulation Algorithm (PGSA) [11] and Fuzzy Logic [12] . The results for this feeder are summarized in Table II. Table II shows the results of the feeder 9-bus. It was observed that the total power loss for the feeder was 682.753 kW and loss reduction was 12.889% on total annual cost before and after compensation. It was therefore less than that of the total power loss. The fixed cost (the cost of the installed capacitors only) was also less than that of the proposed method. Thus, the proposed method offers more cost saving and more loss reduction of a distribution feeder. The voltage profile for the proposed method was close to that of the 9-bus as shown in Table II .
B. The 37-bus in Lao PDR
The distribution feeder in Vientiane province has four sub-feeders of the substation. For justified conclusions support, the proposed method was applied to 37-bus radial distribution feeder. The distribution feeder in Lao PDR is under in base of 22 kV, 16 MVA of the substation. The load data and feeder-line parameters of the single line diagram for the system are shown in Fig. 3 . Before compensation, the cost was U.S. $20,258, which was based on the previously defined cost function, the total power loss was 120.589 kW, the voltage limit in p.u. was 0.9427 ≤ Vi ≤ 0.9944. The results were within possible choices of capacitor sizes and cost as shown in Table I . Therefore, the proposed method offers more cost saving and more loss reduction of a distribution feeder. The voltage profile for the proposed method is close to that of the 37-bus as shown in Table IV . Table IV shows the results of the feeder 37-bus and it is observed that the total power losses for the feeder was 77.889 kW and loss reduction was $13,868.05 on total annual cost before and after compensation. So, it is less than that of the total power loss and the fixed cost (the cost of the installed capacitors only) is also less than that of the proposed method. From Table V , it can be seen that the proposed method offers less total power loss and less cost. Hence, it provides more cost saving and more loss reduction for a distribution feeder in Vientiane province. The 37-bus system is the best case. Fig. 5 clearly shows the loss reduction of 35.41 % and Fig. 6 clearly shows the cost reduction of 31.55 % on distribution feeder before and after compensation. The original case for this feeder is shown in Table III .
V. CONCLUSION
The improvement of voltage drop, power loss and its cost in 22kV radial distribution feeder in Lao PDR is presented in this paper by optimizing location and size of the capacitor bank. It has been shown that the proposed method results are the best; which ensures the superiority of this work. Proper capacitor planning with regards to location and size of the capacitor can be used to practical distribution feeder. 
